However, little is known about the socio-economic impacts of TCs in this region, probably because of the limited relevant loss data. Here, loss data from Munich RE's NatCat-SERVICE database is used, a high-quality and widely consulted database of natural disasters. In the country-level loss normalisation technique we apply, the original loss data are normalised to present-day exposure levels by using the respective country's nominal gross domestic product at purchasing power parity as a proxy for wealth. The main focus of our study is on the question of whether the decadal-scale TC variability observed in the Northwest Pacific region in recent decades can be shown to manifest itself economically in an associated variability in losses. It is shown that since 1980 the frequency of TC-related loss events in the WNP exhibited, apart from seasonal and interannual variations, interdecadal variability with a period of about 22 yr -driven primarily by corresponding variations of Northwest Pacific TCs. Compared to the long-term mean, the number of loss events was found to be higher (lower) by 14 % (9 %) in the positive (negative) phase of the decadal-scale WNP TC frequency variability. This was identified for the period 1980-2008 by applying a wavelet analysis technique. It was also possible to demonstrate the same low-frequency variability in normalised direct economic losses from TCs in the WNP region. The identification of possible physical mechanisms responsible for the observed decadal-scale Northwest Pacific TC variability will be the subject of future research, even if suggestions have already been made in earlier studies.
Introduction
Tropical cyclones (TCs) are among the most destructive natural disasters in East and Southeast Asia. Variations in disaster severity resulting from TCs are attributable, on the one hand, to the variability in hazardous weather conditions such as extreme wind speeds, storm surge, and rainfall; and on the other hand to socio-economic developments such as changes in population, exposure, and damage susceptibility.
The frequency of TCs over the western North Pacific (WNP) is higher than in any other ocean basin, with about one-third of the globally recorded TCs occurring there (Ritchie and Holland, 1999) . China is the nation most frequently affected by TCs. On average, about seven TCs make landfall in China each year ). In the WNP, TCs occur all year round, but most occur in the period from July to November (Neumann, 1993) .
Apart from this seasonal variability, previous studies showed that TCs in the Northwest Pacific vary on both interannual and interdecadal time scales. Interannual variations in WNP TCs were associated with modes of internal climate variability. The El Niño-Southern Oscillation (ENSO) has been considered to be one of the dominant factors affecting the interannual variability of TC frequency (e.g. Chan, 2000; Wang and Chan, 2002; Elsner and Liu, 2003) and intensity (e.g. Camargo and Sobel, 2005) over the Northwest Pacific, having an influence on the frequency of TCs landfalling along the east and southeast Asian coast (e.g. Saunders et al., 2000; Liu and Chan, 2003; Wu et al., 2004; Yin et al., 2010 ). ENSO's extreme phases, El Niño and La Niña, are marked by changes in the atmospheric and oceanic conditions that influence the formation, intensification, and movement of WNP TCs (Welker, 2010) . In the El Niño phase, the region in which Northwest Pacific TCs typically develop is further east and south, towards the equator. This can be attributed to corresponding displacements of atmospheric and oceanic conditions favourable to TC genesis. Consequently, in the El Niño phase, WNP TCs form at a greater distance from the Asian continent and have more time to intensify before they make landfall and weaken. Moreover, due to El Niño-related changes in the large-scale atmospheric circulation, TCs which form in tropical areas east of the Philippines tend to be steered poleward, rather than westward into the South China Sea. In the La Niña phase, the situation is almost reversed.
In the last few decades, TC frequency decreased considerably over the South China Sea but increased over subtropical East Asia (e.g. Wu et al., 2005; Wang et al., 2011) . These changes seem to be linked with long-term shifts in the prevailing TC tracks in the WNP, which in turn are attributed to the observed westward extension of the North Pacific subtropical high (Zhou et al., 2009) .
Interdecadal TC variations in the WNP appear to be related to low-frequency changes in atmospheric and oceanic conditions influencing the genesis, intensification, and track of TCs (e.g. Yumoto and Matsuura, 2001; Matsuura et al., 2003; Ho et al., 2004; Chan, 2005 Chan, , 2008 Liu and Chan, 2008; Chan and Xu, 2009; Kubota and Chan, 2009; Goh and Chan, 2010; Wang et al., 2010; Yeh et al., 2010) , while the tracks of WNP TCs seem to be modulated largely by the location, strength, and extent of the North Pacific subtropical high pressure area. Some studies attribute these variations to alterations in coupled atmosphere-ocean phenomena on similar time scales such as ENSO or Pacific Decadal Oscillation (PDO). For instance, examining the period from 1965 to 2008, demonstrated that TC activity in the WNP basin, as measured by the number of storm days, exhibited decadalscale variability, with high TC activity in the 1990s. Their data indicated that this period with high TC activity in the Northwest Pacific basin coincided with the prolonged El Niño episode from 1990 to 1994 and the anomalously strong El Niño event of 1997. Investigating a longer sample period from 1945 to 2004, Chan and Xu (2009) found similar interdecadal variability in the frequency of TCs throughout the WNP and in the landfall frequency of TCs along the East Asian coast. Furthermore, they showed that the TC landfall frequency along the East Asian coast is well correlated with the basin-wide number of TCs in the WNP for periods between 16 and 32 yr in length. This indicates that in periods of above-average TC frequency in the WNP, enhanced activity of TCs landfalling in East Asia is also likely. At shorter time scales, this is not necessarily the case.
Obviously, many previous studies have dealt with variations in Northwest Pacific TCs on different time scales. Even recent papers on TC losses in China Gemmer et al., 2011) indicate that still relatively little is known about the direct economic and social impacts of TCs in East and Southeast Asia. Hence, the main objectives of this study are, on the one hand, to determine the dominant modes of variability in TC-related losses in the Northwest Pacific region and, on the other, to answer the question of whether a dominant mode of climate and TC variability in the WNP can be shown to "break through" in economic terms and manifest itself in an associated variability in losses. Identifying possible physical mechanisms responsible for the observed variability of WNP TCs (and related losses) will be the subject of future analyses, even though suggestions have already been made in previous studies.
Data and methods

Loss event frequency
We used data from NatCatSERVICE (data retrieved in December 2010; see Kron et al., 2012) , Munich RE's global loss database, to quantify the socio-economic impacts of TCs in the WNP. In this study, WNP is defined as the region extending from 0 • to 50 • N and from 100 • E to 160 • E, and thus comprising large parts of East and Southeast Asia as well as groups of islands in the Pacific. Current records document more than 28 000 loss events involving natural hazards. The database contains both geophysical and meteorological loss events. The data set is considered to document most of the loss events that occurred from 1980 up to the present (Neumayer and Barthel, 2011; Kron et al., 2012) .
Time series of the monthly numbers of TC-related loss events in the WNP were computed for the period from 1980 to 2008. At the same time, this period served as the base period for identifying monthly frequency anomalies. We calculate monthly anomalies in the usual way by subtracting the climatological mean for the reference period, computed for each month of the year, from the respective monthly value. In this way, the seasonal variability is eliminated in the monthly data we analyse. For time series analysis, the loss frequency time series was standardised. Hence, the diagrams are scaled in units of standard deviation with zero mean. Moreover, we analysed the spatial distribution of loss events caused by TCs in the WNP. For this purpose, the WNP was divided into grid boxes measuring 1 • latitude × 1 • longitude. The monthly number of TC-related loss events was determined for each grid box during the period from 1980 to 2008. As the number of grid boxes per unit area increases with increasing latitude, the loss event frequency calculated for each grid box was normalised using an area reduction factor.
Normalisation of economic loss
Trends in reported natural disaster losses are influenced by many factors. Besides changes in the actual hazards, these trends are affected by processes such as rising population, migration to and settlement in particularly exposed regions such as coasts, improving standards of living, and/or reporting bias. At present, normalising losses to the current level of exposed wealth for the Northwest Pacific region is difficult, i.e. scaling up past losses as if they had occurred under current economic and social conditions, as has been done, e.g. for TC damage in the USA (e.g. Pielke Jr. and Landsea, 1998; Pielke Jr. et al., 2008; Schmidt et al., 2010) or for windstorm losses in Europe (Barredo, 2010) . The reason is that, for a large number of countries in East and Southeast Asia, there are hardly any suitable proxies for representing the destroyable wealth of both earlier years and the present. Additionally, due to data limitations we had to spatially resolve at country level.
Hence, we applied a country-level method of normalising economic losses (originally given in US dollars of the event year) resulting from WNP TCs which were obtained from the NatCatSERVICE database for the period from 1980 to 2008. With this approach, the original loss data were normalised to year-of-2008 levels of exposure by using the nominal gross domestic product at purchasing power parity (denoted as GDP PPP in the following) as a proxy for wealth, i.e. accounting for temporal changes in destructible wealth at the country level. GDP PPP is provided in international dollars, whereby an international dollar has the same purchasing power over GDP as a US dollar has in the United States (World Bank, 2012). Hence, inter-country purchasing power differences were taken into account by adjusting losses for purchasing power parities. Each TC loss in the WNP since 1980 was first multiplied by the GDP PPP of the relevant country and reference year (here, 2008) and then divided by that country's GDP PPP in the year of the event (the loss data we use is available on a country basis). This loss normalisation technique was recently also applied by, for example , Pielke Jr. et al. (2003) and Neumayer and Barthel (2011) to data on economic losses resulting from natural disasters in other regions of the world. We obtained GDP PPP data from the World Bank (World Bank, 2011) . The data are collected for most of the countries in the Northwest Pacific region on a yearly basis and in most cases are available for the entire period under consideration. The World Bank GDP PPP data was supplemented with GDP PPP data from the IHS Global Insight data set (last access in February 2011) in case the World Bank data set contained no GDP PPP data for the relevant country in the year of the event. This measure was justified by the finding that the difference between the two data sets' GDP PPP figures is negligible for most of the countries in the WNP. Only in very few cases was a loss event recorded in Munich RE's NatCatSERVICE database without there being corresponding GDP PPP data for the relevant country and event year in either the World Bank or the IHS Global Insight database, with the result that it was not possible to normalise the losses in these cases.
In this way, we computed time series of monthly normalised TC damage in the Northwest Pacific region from 1980 to 2008. We used this period as the base period to calculate monthly loss anomalies and standardised the series for time series analysis. We also examined the spatial distribution of normalised TC losses in the WNP analogous to Sect. 2.1.
TC frequency
The frequency of TCs in the WNP was computed based on the International Best Track Archive for Climate Stewardship (IBTrACS) data set (Knapp et al., 2010) , which combines estimates of storm position and intensity from many agencies. As data from the pre-satellite era, before about 1970, are considered less reliable, our calculations have been done using data from 1970 to 2008. The monthly number of WNP TCs of at least tropical storm intensity (referred to simply as the number of TCs, unless otherwise indicated) according to the Saffir-Simpson Hurricane Scale (SSHS; Simpson, 1974) was computed for this period, representing at the same time the reference period used to calculate monthly frequency anomalies. In this study, we also differentiated between minor to moderate TCs (i.e. of at least tropical storm intensity, but of no more than Category-2 intensity according to the SSHS) and major TCs (i.e. of at least SSHS Category-3 intensity). For time series analysis, the WNP TC frequency time series were standardised.
Wavelet analysis
A powerful way of analysing time series containing nonstationary power at different frequencies is through the method of wavelet analysis. Torrence and Compo (1998) and Grinsted et al. (2004) give a very helpful treatise of the wavelet analysis technique. We used the wavelet software by Torrence and Compo (2012) and Grinsted et al. (2012) .
In general, the wavelet analysis technique is used to decompose a time series into time and frequency space simultaneously so that both the dominant modes of variability and the temporal variation of these modes can be determined (Torrence and Compo, 1998) . The continuous wavelet transform (CWT) is suited for identifying localised periodic oscillations in time series (Grinsted et al., 2004) . For its calculation, we used the Morlet wavelet function, which is basically a sine wave multiplied by a Gaussian envelope. As the wavelet is not completely localised in time, the CWT reveals artefacts at the edges (Grinsted et al., 2004) . The cone of influence (COI) denotes the region of the wavelet spectrum in which edge effects cannot be neglected. Caution is therefore advisable in interpreting findings from inside the COI.
According to Grinsted et al. (2004) , the statistical significance of wavelet power is assessed relative to the null hypothesis that the signal is generated by a stationary process with a given mean or background power spectrum. To determine the significance level of wavelet power, it is assumed that the sample analysed is nearly normally distributed and has red noise characteristics which can be modelled with a first-order autoregressive (AR1) process. In this study, a peak of wavelet power is considered to be statistically significant if it exceeds the 5 % significance level against red noise.
In addition, we used the wavelet transform as a bandpass filter to isolate individual frequency ranges in a time series and to analyse the temporal variability in these bands independently of one another (referred to as wavelet-filtered time series), as proposed by Torrence and Compo (1998) .
The cross wavelet transform (XWT) is a common tool for determining whether two time series are linked (Grinsted et al., 2004) , which in the light of a plausible physical mechanism may be deemed a causal link. The XWT, which is calculated from the CWTs of the two time series, shows the common power of the two CWTs and their phase relationship. Wavelet coherence (WTC) can be looked upon as the local correlation between two CWTs, from which it is calculated (Grinsted et al., 2004) . The WTC can identify local coherence between two CWTs even if the common power in the XWT is low. The significance level of the WTC is computed using Monte Carlo methods.
Statistical tests
We used the non-parametric Wilcoxon rank-sum test (Wilks, 2006) to test the hypothesis that two samples have the same mean of distribution against the hypothesis that they differ. In this study, two samples are regarded as having significantly different means of distribution if they differ at the 5 % significance level.
The statistical significance of the Pearson correlation coefficient between two time series was derived on the basis of a bootstrap technique (the number of surrogates equalled 100 000). Here, we consider a correlation to be statistically significant if it is different from zero at the 5 % significance level. 
Results
Climatology and interannual variability
In total, about 750 TC-related loss events have been recorded in the NatCatSERVICE database for the WNP in the period from 1980 to 2008. Large parts of the WNP region were affected by TCs (Fig. 1) . From 1980 to 2008, most loss events caused by TCs occurred in the Philippines and China, each of which suffered on average six events per year, followed by Japan with approximately four events per year (Table 1) . While TCs caused a large number of fatalities in the Philippines (involving an average of approximately 115 fatalities per event), mean normalised overall economic losses were highest in China (about US $ 0.9 bn per event) and Japan (approximately US $ 0.7 bn per event). Both the frequency of loss events caused by TCs in the WNP and their associated (original) economic losses were as a rule at high levels from July to November. The correlation between the annual number of TC-related loss events and the yearly frequency of WNP TCs was relatively weak (r = 0.35) in the period from 1980 to 2008 and statistically significant only at the 10 % significance level (see Table 2 ). While the correlation for the latter period between the annual number of Northwest Pacific TCs and the yearly aggregated non-normalised overall economic damage caused by WNP TCs is nearly zero (r = 0.06) and statistically insignificant, the two time series have a statistically significant correlation (r = 0.50) after loss normalisation. In other words, after accounting for changes in socio-economic conditions, we obtain a much better and statistically significant correlation between the hazard and the actual monetary loss. This indicates that the loss normalisation method we applied is reasonable. The correlation between the time series of the yearly number of TC loss events in the WNP and the time series of the yearly TC-related economic losses in the Northwest Pacific region from 1980 to 2008 is 0.50 before and 0.68 after loss normalisation, and in both cases statistically significant. Figure 2 shows that from 1980 to 2008, both TC-related losses in the WNP and WNP TC frequency exhibited a strong interannual variability, superimposed on a low-frequency variability of decadal time scale. Apparently, both TC activity and related losses in the WNP were comparatively high in the 1990s. showed, as was already hinted at, the same result for the total number of storm days in the Northwest Pacific (Fig. 4 in their paper) , using best-track data provided by the Joint Typhoon Warning Center (JTWC). The WNP TC figure time series in our Fig. 2 is also very similar to the corresponding time series of Northwest Pacific TC frequency shown in Fig. 6a in Chan and Xu (2009) . They used TC data obtained from the JTWC and analysed longer TC frequency time series that started in the 1940s. From their analyses, one can infer that the decadal-scale variability in WNP TC frequency shown in our Fig. 2 is obviously part of a temporally stable oscillation. This will be discussed in more detail in the following section. 
Interdecadal variability
In Fig. 2 , we smoothed interannual variability by applying a local weighted polynomial regression smoother to the original time series of TC losses and number of TCs, which uses a least-squares fit within a moving window (method according to Cleveland, 1979) . We chose a window width of 10 yr and a degree of polynomial within the window of 2. The aforementioned low-frequency variability can now be identified easily, and we detect what seem to be relatively coordinated swings of roughly decadal time scale. To analyse this variability in a more thorough statistical manner, we applied wavelet analysis first to the time series of the standardised anomalous monthly number of loss events caused by TCs in the WNP from 1980 to 2008, and then to the corresponding time series of normalised overall economic losses. The CWT power spectra of the two time series are shown in Fig. 3a and b , respectively. Figure 3c shows the CWT of the standardised anomalous monthly frequency of WNP TCs from 1970 to 2008. There are evidently common features in the wavelet power of the analysed time series, such as the regions of statistically significant wavelet power at lower frequencies. This indicates that TCs and associated losses in the WNP have varied on interdecadal time scales over the past 30 or 40 yr, respectively. Although these results are from within the COI due to the limited length of the time series, we consider them reliable not only because we found immediate evidence of decadal-scale variability in the time-series-filtering approach shown in Fig. 2 , but also because there is evidence of this low-frequency variability in TCs in other studies analysing longer TC time series from other sources and using different statistical methodology. Most of the statistically significant wavelet power in the global wavelet spectrum, i.e. in the time-averaged CWT spectrum, of the standardised anomalous monthly number of TC loss events in the Northwest Pacific region from 1980 to 2008 is concentrated at longer periods (Fig. 4) . The absolute maximum is observable at a period of 22 yr. By contrast, comparatively little wavelet power is concentrated within the characteristic ENSO band, i.e. at periods between two and seven years (El Niño and La Niña events typically recur every two to seven years). Normalised overall economic losses caused by WNP TCs seem to have varied on similar time scales in the period from 1980 to 2008. In the corresponding global wavelet spectrum, little statistically significant wavelet power is concentrated within the ENSO band, while most of the power is observable at longer periods. The absolute maximum of wavelet power, which is furthermore statistically significant, is again at a period of 22 yr. The global wavelet spectrum of the standardised anomalous monthly frequency of TCs over the WNP from 1970 to 2008 is similar to the spectra of TC losses in the WNP, with an absolute maximum of wavelet power at a period of 22 yr.
Comparison of the wavelet spectra in Figs. 3 and 4 , also considering the different lengths of the time series analysed, indicates that both TC-related losses and the number of TCs in the WNP have their maximum statistically significant wavelet power at a period of 22 yr. Given this periodicity supported by wavelet analysis results, the indication of Fig. 2 , and the physically causative chain of tropical cyclones that produce losses at landfall, it seems clear that (climate-driven) variation in TCs in the Northwest Pacific region manifests itself in the interdecadal oscillation of the number of TCrelated loss events in this region. Can we now demonstrate this correlation in a statistically convincing way?
To answer this question, we calculated the XWT from the CWTs of the time series of WNP TC figures and TC-related loss event frequency from 1980 to 2008 (Fig. 5a ). In the sectors with statistically significant, high common power at periods of about twenty years, the phase relationship between the number of TCs and the TC-related loss event frequency in the WNP is mostly in-phase. Again, even though these results are from within the COI, they are deemed reliable for the reasons stated previously. Figure 5b shows the squared WTC of the WNP TC frequency and the TC-related loss event frequency. The squared WTC is quite high (approximately 0.8) at periods of about twenty years, even though it is only partially statistically significant and again inside the COI. From 1980 to 2008, the WNP TC-related loss event frequency time series and the time series of normalised overall economic losses caused by Northwest Pacific TCs also reveal statistically significant, high common power at periods of about twenty years, are mostly in-phase in this range, and have very high, statistically significant squared WTC values (no figure) .
In spite of the relatively short length of the time series analysed, we see evidence that at interdecadal time scales (i.e. at periods of about 22 yr) variations in the frequency of TC-related loss events in the WNP were linked with corresponding variations in Northwest Pacific TCs. To support this assertion, we constructed a 22-yr, wavelet-filtered time series of both the standardised anomalous monthly number of loss events caused by TCs in the WNP from 1980 to 2008, and the standardised anomalous monthly WNP TC frequency from 1970 to 2008 (Fig. 6 ). For the overlapping period from 1980 to 2008, the correlation between the two filtered time series is good. This (together with the previous results) suggests that on interdecadal time scales, or rather at periods of 22 yr, the variability in the frequency of losses caused by TCs in the WNP was largely governed by corresponding TC variations. Furthermore, Fig. 6 reveals that the derived interdecadal variability in the frequency of WNP TCs can be understood particularly as a variability in minor to moderate TCs (and to a lesser extent in major TCs).
The size of the TC and loss data sample we analysed is, as was already mentioned, small for a full determination of interdecadal variations. However, interdecadal changes in Northwest Pacific TCs derived in previous studies (e.g. Fig. 1 in Yumoto and Matsuura, 2001; Fig. 6b in Chan and Xu, 2009) , which used other TC best-track data, are comparable to ours. The authors of these studies deduced similar periods of variability and showed the temporal stability of these variations by analysing longer TC frequency time series that started back in the 1940s and 1950s, respectively. The interdecadal WNP TC variations found in this work for a relatively short sample period of about four decades can therefore be seen as part of a temporally stable oscillation.
On the basis of the 22-yr, wavelet-filtered time series of the standardised anomalous monthly Northwest Pacific TC frequency from 1970 to 2008, we identified phases of high and low WNP TC activity. Months with positive (negative) values for this filtered TC frequency were classified as phase plus (minus). The sample of the anomalous monthly number of Northwest Pacific TC-related loss events for a plus phase and the corresponding sample for a minus phase have mean distributions that differ statistically significantly. On average, the number of TC-related loss events in the WNP was anomalously high in plus phases (+3.5 loss events per 12 months) and anomalously low in minus phases (−2.2 loss events per 12 months). Compared to the long-term mean number of loss events caused by TCs in the Northwest Pacific region (25.8 loss events per 12 months), the number of loss events increased by approximately 14 % in plus phases and decreased by 9 % in minus phases. Accordingly, the mean distributions of the anomalous monthly TC frequency over the WNP for plus phases and of the corresponding sample for minus phases differ statistically significantly. In plus phases, the anomalous number of TCs in the Northwest Pacific was, on average, positive (+2.6 TCs per 12 months), but was negative in minus phases (−2.0 TCs per 12 months). In plus (minus) phases, the TC frequency in the WNP was about 10 % higher (or 7 % lower, respectively) than the climatological average (26.7 TCs per 12 months). Figure 7 shows that at a period of 22 yr, the variability in the number of TC-related loss events in the WNP and the variability in normalised overall economic losses caused by Northwest Pacific TCs were mostly in-phase from 1980 to 2008. It is also evident that this finding applies only to normalised, not to original TC losses. In plus phases -as covered by our sample -we find an increase in the mean normalised economic losses of 46 % vis-a-vis the long-term mean (US $ 10.4 bn per 12 months). In minus phases, the average normalised economic loss was found to be 29 % lower than the base state. Certainly, this can be seen only as a rough indication of the amplitude, given that we have only slightly more than one complete period covered by data.
Conclusions and outlook
We analysed TC-related socio-economic losses in the Northwest Pacific region. A complete normalisation of economic losses in this region is not possible at the present time due to the lack of relevant and complete data on socio-economic developments. In the first step, we applied a country-level loss normalisation approach based on the relevant country's nominal gross domestic product (at purchasing power parity) at the year of the event. As was shown by Barredo et al. (2012) for the case of Spain, there might be an underestimation of the change in exposed wealth over time by using GDP as a proxy, in particular as we cover fast-growing economies. As a consequence of this limitation of the method applied in this study, spurious trends of normalised losses might be involved due to the underestimation.
Although, strictly speaking, the available sample of TC loss data for the WNP is too small for a full determination of interdecadal variations, our analyses indicate that in recent decades the number of loss events caused by TCs in the WNP varied on interdecadal time scales, at periods of about 22 yr. On these time scales, changes in the frequency of TCrelated loss events in the Northwest Pacific region seemed to be linked with variations in WNP TC activity. The latter TC variations are very similar to those found in earlier studies (e.g. Yumoto and Matsuura, 2001; Chan and Xu, 2009; Wang et al., 2010) . The responsible physical mechanisms need to be identified better in future research, although some suggestions have already been made in former studies. As has been pointed out in this paper, there is evidence to suggest that not only the frequency of loss events caused by TCs in the WNP but also the (normalised) property losses resulting from landfalling TCs are modulated by low-frequency climate variations in the Northwest Pacific region. Zheng et al. (2000) present an interesting approach to reducing edge effects in the wavelet time-frequency spectrum by using a numerical method prior to the wavelet transform to extend the time series on both ends (see their paper for details). This could enhance their ability to reveal lowfrequency signals in the time series. We aim to apply this method to the number of TCs and losses time series we analysed in this paper.
In addition to TC frequency, we plan to link socioeconomic TC losses in the WNP with alternative measures of TC activity or intensity such as the Power Dissipation Index (PDI) introduced by Emanuel (2005) . The PDI is an index of a TC's destructive potential. We think that such an index would probably be a better proxy for the potential destructiveness of TCs in the WNP region than the basin-wide TC frequency we applied. The annual number of tropical storm days in the WNP, as described by Wang et al. (2010) , might be another suitable metric. It combines information about the frequency and lifespan of TCs.
In a further step, we aim to divide the WNP into subregions, for instance into a southern (i.e. coastal regions of southern China, Vietnam, and the Philippines), middle (i.e. Taiwan and coastal regions of northern China), and northern region (i.e. Korean Peninsula and Japan) as proposed by Chan and Xu (2009) and to analyse the temporal variability in TCs and particularly in associated losses in these regions independently of each other. These analyses appear to hold promise, as not only the TC climatology but also the population density and the concentration of wealth at risk is geographically variable in the WNP.
